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FOREWORD 


To  <M*lif»TAIN  HIMSELF  AND  OPERATE  IN  A  HOT -DRY  ENVIRONMENT,  MAN  MUST 
SECRETE  «tt  EVAPORATE  SWEAT  TO  DISSIPATE  BOOT  HEAT.  HOWEVER,  WHEN  CERTAIN 
PROTECT  HE  ITEMS  SUCH  AS  BODY  ARMOR  ARE  WORN,  THE  EVAPORATIVE  RESTRICTION 
MAY  BE  SUFFICIENT  TO  IMPOSE  UNOuE  STRESS  ON  THE  WEARER  AND  LIMIT  HIS 

capabilities.  Thus,  a  paradox  arises:  an  item  or  necessity  providing 

PROTECT !  EH.  TC  THE  INDIVIDUAL  MAY  BECOME  AN  ITEM  REDUCING  HIS  EFFECTIVE¬ 
NESS. 


The  ijbeal,  of  course,  would  be  an  armored  vest  providing  ample 

BALL  I  ST  IX  PROTECT  ION  WHI LC  NOT  REDUCING  THE  INDIVIDUAL’S  EFFECTIVENESS. 

However,  in  many  cases,  practicality  dictates  that  we  accept  and 

USE  THE  BEET  THAT  CAN  BE  PRODUCED  WITH  ALL  OF  ITS  LIMITATIONS,  BUT  WE 
”UST  DO  SB  WITH  A  FIRM  UNDERSTANDING  OF  THESE  LIMITATIONS.  THAT  WAS  THE 
PURPOSE  Of  T*,S  STUDY.  THIS  REPORT  DEALS  WITH  THE  EFFECT  OF  WEARING  BODY 
ARMOR  UNDER  A  VARIETY  OF  SITUATIONS  IN  A  HOT-DRY  ENVIRONMENT. 
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ABSTRACT 


Sweat  production,  rectal  temperature  and  pulse  rate  were  measured 

OVER  A  24-CONSECUTl VE-OAY  PERIOD  ON  l(>  MEN  {8  WHITE  AND  8  NECRo)  IN  BOTH 

a  natural  and  a  modi  tied  (shaded)  desert  environment.  These  indices  were 

USED  TO  DETERMINE  THE  EFFECT  OP  WEARING  BODY  ARMOR,  SUN,  AND  EXCRCISE, 

AND  TO  COMPARE  PHYSIOLOGICAL  RESPONSES  OP  PAIRED  NEGRO-WHITE  SUBJECTS. 

When  an  individual  doi.neo  body  armor,  and  ekercsed  iii  a  natural  hot 

DRY  DESERT.  ENVIRONMENT,  SIGNIFICANT  INCREASES  IN  SWEAT  PRODUCTION,  RECTAL 
TEMPERATURE  AND  PULSE  RATE  OCCURRED. 

When  an  i  r. o • vi oval  was  exposed  to  the  sun,  significant  increases  >n 

SWEAT  PRODUCTION  OCCURRCO. 

hen  AN  INDIVIDUAL  EXERCISED,  SIGNIFICANT  INCREASES  IN  SWEAT  PRODL'C- 
T : ON,  RECTAL  TEMPERATURE  AND  PULSE  RATE  OCCURRED. 

Heat  tolerance  op  full y-clotmed  negro  and  white  individuals  was 

AQO'JT  EQUAL  IN  NATURAL  HOT-DRY  SURROUNDINGS. 


PHYSIOLOGICAL  RESPONSE  CHANGES  OF  MEN  ATTRIBUTABLE  TO  BODY 
ARMOR,  SUN,  AND  WORK  IN  A  NATURAL  DESERT 
ENVIRONMENT  (INCLUDING  NEGRO-WHITE  DIFFERENCES) 


1  -  Introduction 

To  MAINTAIN  HIMSCLr  AND  OPERATE  IN  A  HOT -DRY  ENVIRONMENT,  MAN  MUST 
SECRETE  AND  EVAPORATE  SWEAT  TO  DISSIPATE  BODY  HEAT.  WHEN  THE  BODY  IS 
COVERED  WITH  LIGHTWEIGHT  CLOTHING,  SOME  INTERFERENCE  WITH  EVAPORATION  OF 
SWEAT  MAY  OCCUR,  BUT  AT  REST  AND  UP  TO  AT  LEAST  MODERATE  ACTIVITY  LEVELS, 
THE  EVAPORATIVE  RESTRICTION  IS  COMPENSATED  FOR  BY  THE  ENVIRONMENTAL  PRO¬ 
TECTION  AFFORDED  BY  THE  CLOTHING. V^)  DURING  REST  IN  A  HOT -DRY  NATURAL 
ENVIRONMENT  A  REDUCTION  OF  29j6  OR  2^0  GRAMS  PER  HOUR  IN  SWEAT  PRODUCTION 
•S  ATTRIBUTABLE  TO  CLOTHING.  EVEN  DURING  MODERATE  ACTIVITY  LCVCLS,  SWEAT 
PRODUCTION  OF  CLOTHEO  INDIVIDUALS  IS  MAINTAINED  BELOW  THAT  OF  A  CORRE¬ 
SPONDING  nude  companion.  However,  when  certain  protective  items  such  as 

BODY  ARMOR  ARE  WORN,  THE  EVAPORATIVE  RESTRICTION  MAY  BE  SUFFICIENT  TO 
IMPOSE  UNDUE  STRESS  ON  THE  WCARCR  AMO  SERIOUSLY  LIMIT  HIS  CAPABILITIES. 

Vaughan  et^  al(2)  have  shown  that  sweat  production  is  significantly 

INCREASED  WHEN  BODY  ARMOR  IS  WORN  UNOCR  NATURAL  DESERT  CONDITIONS.  ThEIR  ‘ 

subjects  functioned  withou.  excessive  physiological  strain  during  moderate 
activity.  Goddard  et  al(3'  in  an  analysis  of  requirements  and  feasibility 
of  hot -weather  body  armor,  summarized  various  armor  studies  conducted  in 
artificial  and  natural  environments. 

In  continuation  or  past  studies  and  to  depict  the  role  body  armor 

PLAYS  AS  A  STRESS-IMPOSING  ELEMENT,  AN  EXPERIMENT  WAS  DESIGNED  AS  FOLLOWS: 

A.  .  To  DETERMINE  the  effect  of  wearing  body  armor. 

B.  To  DETERMINE  THE  EFFECT  OF  SUN  ON  INDIVIDUALS  WEARING  BODY  ARMOR. 

C.  To  DETERMINE  THE  EFFECT  OF  EXERCISE  O'N  INDIVIDUALS  WEARING  BODY 

ARMOR. 

D.  To  DETERMINE  (iF  Any)  PHYSIOLOGICAL  Dl FFERENCES  BETWEEN  PAIRED. 
negro/white  SUBJECTS. 

2.  Subjects  and  conditions 

Sixteen  young  male  volunteers  (8  white,  8  negro)  were  selected  on  the 

BASIS  OF  HEIGHT,  WEIGHT,  AND  FAT -LEAN  BODY  MASS  RATIO  TO  FORM  THE  8 
MATCHED  PAIRS  OF  SUBJECTS. (^>5)  SUBJECT  PROFILES  ANO  OTHER  PERTINENT  DATA 

arc  given  in  Appendix  B,  Tables  XXI  and  XXII. 

Each  pair  of  subjects  followed  a  specific  schedule  during  the  contin¬ 
uous,  24-day  study  period.  The  overall  experimental  plan  was  a  ranoomized 

BLOCK  WITH  REPLICATIONS.  THE  STUDY  ENCOMPASSED  8  CONDITIONS,  WITH  THE 


SUBJECTS  REPEATING 
ENVIRONMENT,  attire 
follows: 


CACH  CONDITION  3  TIMES.  The 
,  ACTIVITY,  AND  THE  CODE  FOR 


CONDITIONS,  REFLECTING 
EACH  CONDITION,  ARE  AS 


Cono 1 T 1  ON 

Code 

Environment 

Attire 

Activity 

for 

Condition 

Shade  (Sh) 

Clothcd  (C) 

Rest  (R) 

ShCR 

Shaoe  (Sm) 

Clothed-Armor  (CA) 

Rest  (R) 

ShCAR 

Shade  (Sh) 

Clothed  (C) 

Work  (W) 

ShCW 

Shade  (Sh) 

Clothed-Armor  (CA) 

Work  (w) 

ShCAW 

Sun  (S) 

Clotheo  (C) 

Rest  (R) 

SCR 

Sun  (S) 

Clothed-Armor  (CA) 

Rest  (R) 

SCAR 

Sun  (S) 

Clothed  (C) 

Work  (w)- 

sew 

• 

Sun  (S) 

•  Clothed-Armor  (CA)  * 

Work  (w) 

SCAW 

TROUSER  COMBINArfow^CAP  KSh"dt«0LTRED'  ^“°2*  C0TT0N  P0PL  •  **  BUSH  COAT-AND- 

WAS  the  12-Ply  standard  type  cpr  'SM,RT’  soc*s»  AN0  boots.  The  body  armor 

APPROX.-ATr.t  aII  ll  *  ECN  0UTER  rABR,C  COVERING,  AND  WEIGHED 

Torso.  NI-1952A).  Th?s  Iype°of  °0DV’  Frag',,£:mtat,0,<  "  Protective  -  Upper 

-so,  off  z  tiz  -  . 

t«c  Zizi rr  * 11 40  r°o1 «« »•»»«., 

11Dl„.  '8  r“T  “0,t  ,Ht  «®  >«  t*»C»  8  FECT  ABOVE  ,„E 

The  rlZ  m’>  °"c 

A  COURSE  ONCE  EACH  MINUTE  THlis  ^  ™ '  S  SuBJECTS  TRAVERSCO 

PER  HOUR.  ?  ™JS  ESTAB«-.SH,NG  A  WALKING  SPEED  OF  3  MILES 

20  “*r  ytK  sc‘Tto  ,n'c"*,'s  ■«««  ««  ,e»t, 

3*  Experimental  procedures 

Before  beginning  an  cxpcrimc-mtii 

RECLINED  ON  CANVAS  COTS  FOR  1  ho.  o  *  *  *"  SUBJCCTS»  DRESSED  IN  SHORTS, 

after  that,  at  5-m,^te  ;  t  V  Lr  °u*rters  tent  nearby. 

j  uit  intervals,  pairs  of  subjects  entcred  an  85°F 
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AIR-CONDITIONED  LABORATORY  BUILDING.  EACH  SUBJECT  WAS  WEIGHED  NUDE  ON 
A  BALANCE  ACCURATE-  TO  ±10  GRANS.  RECTAL  TEMPERATURE  WAS  TAKEN  BY  MEANS 
Of  A  CLINICAL  THERMOMETER,  WHICH  REMAINED  INSERTED  F OR  3  MINUTES.  THE 
SUBJECT  THEN  DONNED  HIS  PARTICULAR  ENSEMBLE  FOR  THE  DAY'S  EXPOSURE  ( THAT 

IS,  EITHER  THE  UNITORM  OR  THE  UNI FORM-AND-ARMOR  COMBINATION)  AND  WAS 
WEIGHED  AGAIN.  THE  SUBJECTS,  IN  PAIRS,  THEN  PROCEEDED  TO  THC  TEST  AREA, 
ABOUT  50  FEET  FROM  THE  LABORATORY  BUILDING,  ANO  BEGAN  THEIR  SCHEDULE  FOR 
THE  DAY.  Resting  subjects  REMAINED  relatively  inactive,  reading  or  con¬ 
versing  WITH  A  COMPANION;  EXCRCISING  SUBJECTS  WALKED  AT  A  RATE  OF  3  MILES 

per  hour.  The  exposure  lasted  for  2  hours;  at  the  end  of  this  time  pulse 

RATES  AND  FINAL  RECTAL  TEMPERATURES  WERE  TAKEN.  SUBJECTS  THEN  RETURNED  TO 
THE  LABORATORY  WHERE  FINAL  CLOTHED  AND  NUDE  WEIGHTS  WERE  TAKEN.  THIS  COM¬ 
PLETED  THE  EXPERIMENTAL  DAY. 

WATCR,  CHILLED  IN  CANTEENS,  WAS  ALLOWED  WHENEVER  THE  SUBJECT  REQUESTED 

IT.  The  QUANTITY  CONSUMED  WAS  DETERMINED  BY  WEIGHING  THE  SUBJECT'S  CANTEENS 
AT  THE  BEGINNING  AND  END  OF  EACH  EXPERIMENTAL  DAY. 

"Pulse  rates"  were  determined  by  wrist  palpation,  counting  for  20 

SECONDS  AND  MULTIPLYING  THIS  VALUE  BY  3  TO  OBTAIN  THE  RATE  PER  MINUTE. 

"Sweat  production”  is  the  difference  between  the  initial  and  final  nude 

WEIGHTS  PLUS  THE  CORRECTION  FOR  WATER  CONSUMED.  "SWEAT  EVAPORATION"  IS 
THE  DIFFERENCE  BETWEEN  THE  INITIAL  AND  FINAL  CLOTHED  WEIGHTS  PLUS  THE 
CORRECTION  FOR  WATER  CONSUMED.  ALL  SUBJECTS  WERE  QUARTERED  IN  TENTS  AND, 
WITH  THE  EXCEPTION  OF  MEALTIME,  LIVED  UNDER  NATURAL  DESERT  CONDITIONS 
TOR  THE  DURATION  OF  THE  EXPERIMENT. 

4.  Meteorological  observations 

Meteorological  data  were  furnished  the  experimental  team  daily  by 
the  U-S.  Army  Signal  Corps  Meteorological  Team  No.  1  whose  station  was 

LOCATED  ABOUT  1/2  MILE  FROM  THE  TEST  AREA.  SUPPLEMENTAL  DATA  WERE 
RECORDED  IN  THE  I HMEOI ATE  TEST  AREA.  SUMMARIES  OF  THESE  DATA  ARE  GIVEN 

in  Table  I. 

Dry  bulb  temperature  givcn  in  the  supplemental  data  was  TAKEN  from 
A  MERCURY  THERMOMETER  SUSPENDED  ABOUT  3  1/2  FEET  ABOVE  THE  GROUND  I  NS  I OC 
THE  LARGE  TENT.  WlNDSPEEOS  WERE  TAKEN  AT  4-FOOT  LEVELS,  WITH  ANEMOMETER 
NO.  1  LOCATED  IN  AN  OPEN  AREA  AND  ANEMOMETER  No.  2  LOCATED  IN  THE  CENTER 
OF  THE  TENT.  Globe  TEMPERATURES  WERE  TAKEN  4  FEET  ABOVE  THE  GROUND. 

5*  Analysis  ano  discussion  of  the  cffect  or  body  armor,  sun,  and  exercise 

a.  The  effect  of  body  armor 

The  effect  of  body  armor  has  been  determined  by  taking  the  differ 

ENCES  IN  SWEAT  PRODUCTION,  SWEAT  EVAPORATION,  FINAL  RCCTAL  TEMPER ATURC, 

RISE  IN  RECTAL  TEMPERATURE,  ANO  FINAL  PULSE  RATE  OF  INDIVIDUALS  WITH  AND 
WITHOUT  BODY  ARMOR. 

A  SUMMARY  Or  THESE  DIFFERENCES  (EXTRACTED  FROM  TABLES  IX  -  XVI, 

Appendix  A)  is  given  in  Tables  'I  and  III. 


TABLE  I 

SUMMARY  OF. METEOROLOGICAL  OBSERVATIONS 


(by  Meteorological 

Team  No.  l) 

* 

Mean 

(Range) 

Dry  bulb  (*F) 

101.7 

{89.O  -  112.8) 

Relative  Humidity  (Jo) 

'  10.8 

(4  -  25) 

W 1 NDSPCED  (MPH)’ 

9.8 

(6  -  14) 

Solar  Radiation  (kg  Cal/tt) 

917 

(810  -  966) 

Supplemental  Data 

Temperature  (°F) 

Dry  bulb 

103 

(  90  -  n4) 

Black  globe) 

127 

{116  -  i46) 

White  globe) 

113 

(103  -  127) 

Black  globe) 

110 

(101  -  126) 

White  'globe)  ha0E 

108 

-  (  •  99  -  123) 

Wi ndspceo  (mph) 

Anemometer  #1 

8,6 

(3-3  -  13) 

Anemometer  §2 

7*7 

(3.0  -  13.8) 

TABLE  It 

EFFECT  OF  WEARING  BODY  ARMOR :  INCREASES  IN  SWEAT  PRODUCTION 
AND  EVAPORATION  *  I N  GRAMS/2  -HOUR  EXPOSURE 


SwC  AT  SWCAT 

Condition  Production  $  Change  Evaporation  JSChange 


TABLE  III 

EFFECT  OF  WEARING  BOOY  ARMOR:  INCREASES  IN  FINAL  RECTAL 
TEMPERATURE,  RISE  IN  RECTAL  TEMPERATURE  AND  FINAL  PULSE 
RATE/2 -HOUR  EXPOSURE 


Change  in  Final  Change  in  Rcctal  Pulse  Rate 


Condition  Rectal  Temp. 


Temp.  Rise  ("F) 


Change 


Change 


ShCAR  -  ShCR1  -.05 

SCAR  -  SCR2  .13 

ShCAW  -  ShCW 3  .18 

SCAW  -  SCW1*  .34* 


♦Significant  increases 
The  'effect  of  armor: 

1  IN  THE  SHADE  AT  REST 

2  in  the  sun  at  rest 


..05 

0.4 

0.6 

.046 

0.3 

0.4 

.225 

8.9* 

8.0 

.300* 

9.4* 

8.0 

IN  THE  SHADE  EXERCISING 
IN  THE  SUN  EXERCISING 


It  HAS  BEEN  STATED  THAT  STRESS  IMPOSED  BT  ARMOR  IS  THE  RESULT  OF  INTER¬ 
FERENCE  WITH  EVAPORATION  OF  SWEAT. A  COMPARISON  OF  SWEAT  PRODUCTION 
AND  EVAPORATION,  GIVEN  IN  TABLE  II,  SUPPORTS  THIS  THEORY.  ALTHOUGH  SWEAT 
EVAPORATION  OF  INDIVIDUALS  WEARING  ARMOR  WAS  SLIGHTLY  ELEVATED  (28  -  ik 
GRAMS)  COMPARED  TO  THAT  OF  INDIVIDUALS  NOT  WEARING  ARMOR,  IT  WAS  ACHIEVED 
ONLY  VIA  HIGHER  PRODUCTION  LEVELS  (58  -  402  GRAMS).  SWEAT  PRODUCTION 
PROGRESSIVELY  INCREASED  WITH  EXPOSURE  "SHADE  TO  Sun"  OR  "REST  TO  EXERCISE* 
WHILE  EVAPORATION  ESSENTIALLY  DECREASED.  THE  INCREASED  SWEAT  PRODUCTION 
WAS  ABSORBED  BY  THE  CLOTHING  AND  CEASED  TO  BE  A  MEDIUM  OF  HEAT  DISSIPATION 
FROM  THE  BODY  VIA  EVAPORATION.  If!  ADDITION,  RECTAL  TEMPERATURE  INCREASES 
PARALLELED  SWEAT  PRODUCTION,  BECOMING  SIGNIFICANTLY  HIGHER  DURING  EXERCISE 

in  the  sun.  Pulse  rates  significantly  increased  during  exercise  in  both 

THE  SHADE  OK  SUN.  ESSENTIALLY,  THESE  INCREASES  IN  SWEAT  PRODUCTION,  RCCTAL 
TEMPERATURE  AND  PULSE  RATE  REFLECT  AN  INCREASED  HEAT  LOAD  IMPOSED  BY  BODY 
ARMOR  AS  A  RESULT  OF  EVAPORATIVE  INTERFERENCE.  DURING  MODERATE  ACTIVITY 
(walking  3  MPh)  THE  HEAT  LOAD  IMPOSE0  BY  BODY  ARMOR,  ALTHOUGH  NOT  EXCESSIVE 
IS  SUFFICIENT  TO  SIGNIFICANTLY  INCREASE  SWEAT  PRODUCTION,  RECTAL  TEMPERA-  # 
TURE  AND  PULSE  RATE. 

8*  The  EFFECT  OF  SUN  ON  INDIVIDUALS  WITH  AND  WITHOUT  BOOY  ARMOR 

THE  EFFECT  OF  SUN  ON  INDIVIDUALS  WITH  AND  WITHOUT  BODY  ARMOR  MAS 
BEEN  DETERMINED  BY  TAKING  THE  DIFFERENCES  IN  SWEAT  PRODUCTION,  EVAPORATION 
RECTAL  TEMPERATURE,  AND  PULSE  RATE  OF  INDIVIDUALS  EXPOSED  IN  THE  SHADE  AND* 

IN  THE  SUN. 

A  SUMMARY  OF  THESE  DIFFERENCES  (EXTRACTED  FROM  TABLES  IX  -  XVI,  APPEN¬ 
DIX  A)  is  given  in  Tables  IV  and  V. 
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TABLE  IV 

EFFECT  OF  SUN:  INCREASES  IN  SWEAT  PRODUCTION  AND  EVAPORATION 
IN  GRAMS/2 -HOUR  EXPOSURE 


Sweat  Sweat 


Condition 

Product i on 

%  Increase 

Evaporation 

%  Increase 

SCR  -  SkCR1 

37.0 

29** 

36.8 

SCAR  -  ShCAR2 

1,29* 

*3-3 

322* 

38.I 

sew  -  ShCw3 

289* 

15.1 

309* 

18.7 

SCAW  -  ShCAW5* 

i»o6* 

18.5 

& 

(VI 

15.* 

•SIGNIFICANT  INCREASES 

1,  2,  3>  **  -  See  footnotes  under  Table  V. 


TABLE  V 

EFFECT  OF  SUN:  INCREASES  IN  RECTAL  TEMPERATURE  AND  PULSE 
RATE/2 -HOUR  EXPOSURE 


Change  in  Final  Change  in  Rectal  Pulse  Rate 


Condition 

Rectal  Temp.  {°F) 

Temp. 

Rise  (*F) 

Change 

%  Change 

SCR  -  ShCR1 

.22 

* 

.208 

3-* 

5.0 

SCAR  -  ShCAR2 

.to* 

•304* 

3-3 

4-8 

sew  -  ShCw3 

•13 

.163 

6.5* 

5*9 

SCAW  -  ShCAW5* 

.29* 

.238 

7.0* 

5.8 

•Si gni fi cant 
The  effect  of 

1  NCREASES 

sun: 

'  INDIVIDUAL  RESTING  WITHOUT  ARMOR 
2  INDIVIDUAL  RESTING  WITH  ARMOR 

3  INDIVIDUAL  EXERCISING  w/o  ARMOR 
**  INDIVIDUAL  EXERCISING  WITH  ARMOR 

When  an  individual  is  exposed  to  the  sun, significant  increases  in 
sweat  production  and  evaporation  occur.  These  increases  in  sweat  produc¬ 
tion  WERE  or  GREATER  MAGNITUDE  WHEN  ARMOR  WAS  WORN,  BUT  CORRESPONDED  TO 
LOWER  NET  EVAPORATIVE  RATE  INCREASES  THAN  WERE  TOUND  Wl TH  INDIVIDUALS  WITH¬ 
OUT  ARMOR.  RECTAI  TEMPERATURE  AND  PULSE  RATE  ALSO  INCREASED  WITH  EXPOSURE 

to  sun.  However,  rectal  temperature  increased  significantly  only  when 
armor  was  worn.  Probably  this  significant  increase  is  attributable  to  the 
evaporative  restriction  imposed  by  armor.  Pulse  rate  increased  signifi¬ 
cantly,  irrespective  of  armor,  only  during  exercise. 
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Neglecting  the  slight  increase  in  rectal  temperature,  the  solar  heat 

LOAD  HAS  BEEN  COMPUTEO  BY  TAKING  THE  LATENT  HEAT  OF  EVAPORATION  AS  0.58 

Kg  Cal/gram  of  sweat  evaporated.  Also,  allowance  should  be  made  tor  the 
EVAPORATIVE  INTERFERENCE  OF  ARMOR,  ESPECIALLY  DURING  EXERCISE.  THESE 
COMPUTED  VALUES  ARC  GIVEN  IN  TABLE  VI. 

TABLE  VI 

SOLAR  HEAT  LOAD  ( I M  KG  CAL) 


Condition 
SCR  -  ShCR1 
SCAR  -  ShCAR2 
SCW  -  ShCw3 
SCAW  -  ShCAW^ 


2 -Hours  1 -Hour 


3*  ^  "  See  FOOTNOTES  UNDER  Tablc  V. 

Henschel  and  Hanson^J,  working  under  a  similar  experimental  SITUATION 

HAVE  SHOWN  THAT  THE  ENVIRONMENTAL  HEAT'  GAINS  OF  CLOTHED  AND  NUDE  SUBJECTS  ' 
AT  REST  AND  EXERCISING  RANGE  FROM  120  TO  200  KG  Cal/hOUR.  THEY  REPORT 
THE  ENVIRONMENTAL  HEAT  GAIN  OF  ACTIVE  AND  INACTIVE  SUBJECTS.  CLOTHED  IN 
L  I  GHTWE I  GHT  ENSEMBLES,  TO  BE  ABOUT  120  Kg  Cal/hOUR.  In  THE  PRESENT  STUDY 
ENVIRONMENTAL  HEAT  GAINS  OF  INDIVIDUALS  WITHOUT  ARMOR,  DURING  REST  AND  * 

exercise,  were  85  and  90  Kg  Cal,  respectively.  Although  these  values  are 

somewhat  LOWER  THAN  THOSE  REPORTED  ABOVE,  IT  .5  TELT  THAT  A  GENERAL  AGREE¬ 
MENT  EXISTS  BETWEEN  THE  DATA  OF  THESE  2  EXPERIMENTS. 

S“BjCCTS  USE0  BY  Henschel  and  Hansom  weighed  about  76  Kilograms  or 

WERE  CLO^rnT^  ^  ^  TH°SE  * "  ™E  PR£SCRT  STuDY*  THEIR  SUBJECTS 
WERC  CLOTHED  IN  5-02.  POPLIN  GREEN-COLORED  SHIRT-TROUSER  ENSEMBLES  AND 

those  of  the  present  study  in  -a  6-oz.  poplin  khak, -colored,  be^cd  bush 
COAT-TROUSER  ENSEMBLE.  0RECKENRI  DGe(7)  HAS  SHOWN  THAT  I  NDI  V I  DUAl/wEARI  NC 
UNIFORMS  FABRICATED  FROM  THE  SAME  MATERIAL,  WHICH  DIFFERED  ONLY  IN  COLOR 
SECRETE  5#  MORE  SWEAT  IN  A  GREEN  ENSEMBLE  THAN  A  KHA*  I  -COLORED  ENSEMBLE.’ 

Probably  the  differences  in  the  subjects’  weights,  the  ensemble  color  and 
the  2D“;uC0,e°s.TH£  ENSEMBLES  ACC0UNI  F0*  ™£  VAR,A;,0NS  *"  ic^EEN  ' 

C*  -H-  EFFECT  or  exercise  on  individuals  with  AND  WITHOUT  BODY  ARMOR 

..c  nr c  THE  EFFECT  0F  £X£RC1  SE  ON  INDIVIDUALS  WITH  AND  WITHOUT  BODY  ARMOR 
HAS  BEEN  DETERMINED  BY  TAKING  THE  DIFFERENCES  IN  SWEAT  PRODUCTION,  SWEAT 
EVAPORATION,  RECTAL  TEMPERATURE,  AND  PULSE  RATE  BETWEEN  RESTING  AMD  CX£R- 
IX  J  U.'NT,0UALS’ ./  SUMMARr  OF  TH£S£  DIFFERENCES  (EXTRACTED  FROM  T**L£S 
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TABLE  VII 

EFFECT  OF  EXERCISE:  INCREASES  IN  SWEAT  PRODUCTION 
AND  EVAPORATION  IN  GRAMS/2 -I  JOUR  EXPOSURE 


Condition 

Sweat 

Product. on 

£  Increase 

Sweat 

Evaporation 

£  Increase 

ShCW  -  ShCR1 

977 

104-7 

851 

106.4 

SCW  -  SCR? 

92i 

72.1 

866 

79-1 

ShCAW  -  ShCAR3 

120H 

121.5 

377 

103.7 

SC  AW  -  SCAR* 

1181 

83.2 

920 

70.2 

1,  2t  *  -  Sec  footnotes  under  Table  VIII 


TABLE  VIII 

EFFECT  OF  EXERCISE:  INCREASES  IN  RECTAL  TEMPERATURE 
ArD  PULSE  RATE/2-H0UR  EXPOSURE 


Chance  in  Final  'Chance  in  Rectal  Pulse  Rate 


Condition 

Rectal  Temp.  (°F) 

Temp.  Rise  (*F) 

Chance 

A  Change 

ShCW  -  ShCR1 

.81 

-779 

42-9 

63.I 

SCW  -  SCR2 

*72 

-73* 

46-0 

64.4 

ShCAW  -  ShCAr3 

i.o4 

1.054 

51.4 

75-i 

SC AW  -  SCAR* 

-93 

.988 

55.1 

76.8 

The  effect  or  vom 


fN  THE  SHADE  WITHOUT  ARMOR  3  IN  THE  SHADE  WITH  ARMOR 

2  IN  THE  SUN  WITHOUT  ARMOR  *  IN  THE  SUN  WITH  ARMOR 


Under  ant  won*  condition,  significant  increases  in  sweat  production, 

EVAPORATION,  RECTAL  TEMPERATURE,  AND  PULSE  RATE  OCCURRED  OVER  THAT  OF  AN 
INDIVIDUAL  IN  A  COMPARABLE  REST  SITUATION.  In  GENERAL,  IRRESPECTIVE  OF 
ARMOR,  INDIVIDUALS  EXERCISING  IN  THE  SHADE  PRODUCED  MORE  THAN  TWICE  THE 
SWEAT  OF  A  RESTING  COUNTERPART.  EXERCISING  IN  THE  SUN,  SWEAT  PRODUCTION 
WAS  1.7  TO  1.8  TINES  THE  RESTING  COUNTERPART. 

Greater  increases  in  physiological  responses  occurrco  when  armor  was 

WORN,  WHICH  REFLECTED  THE  INCREASED  HEAT  LOAD  BEING  IMPOSED  ON  THE  WEARER 
HOWCVER,  SWEAT  PRODUCTION  AND  RECTAL  TEMPERATURE  INCREASES  WERC  INVERSELY 


RELATED  TO  ENVIRONMENTAL  INTENSITY  ( SHADe/sun) ,  WHILE  PULSE  RATE  INCREASES 
WERE  DIRECTLY  RELATED.  In  GENERAL.  THESE  DATA  ARE  IN  AGREEMENT  WITH  A 
PREVIOUS  STUDY*  REPORTING  THE  PHYSIOLOGICAL  CHANGES  OF  NUDE  AND  CLOTHED 
INDIVIDUALS,  ATTRIBUTABLE  TO  WORK,  IN  A  HOT-DRY  ENVIRONMENT. 

6.  Nec-ro-whitc  oirreRENCcs 

Variance  analysis  or  sweat  production,  sweat  evaporation  and  rectal 
temperature  revcaleo  no  SIGNIFICANT  DirrCRENCES  between  the  negro  and 
white  subjects.  These  data,  with  an  additional  table  of  early  morning 
rectal  temperatures  of  paired  negro-white  subjccts,  body  composition  and 

SUBJECT  PROFILE  ARE  GIVEN  IN  APPENDIX  B. 

IT  IS  CONCLUDED  FROM  THESE  DATA  THAT  THE  HEAT  TOLERANCE  OF  FULLY 
CLOTHED  NEGRO  AND  WH.TE  SUBJECTS  IS  ABOUT  CQUAL ,  WHEN  THEY  ARE  EXPOSED  TO 
A  NATURAL  MOT-DRY  DESERT  ENV.PONMENT.  |n  GENERAL,  THIS  INFORMATION,  WITH 
THE  POSSIBLE  EXCEPTION  OF  SWEAT  PRODUCTION,  SUPPORTS  THE  FINDINGS  OF 

Baker. I w 


Summary 


A*  go0*  armor:  When  standard  body  armor  was  worn,  ah  increase  in 

SWEAT  PRODUCTION  OCCURRED  OVER  THAT  OF  A  COUNTERPART  WITHOUT  BODY  ARMOR. 

This  increase  became  greater  in  magnitude  as  the  exposure  condition  (shade- 
sun;  rcst-excrci se)  intensified.  During  rest  in  the  shade  or  sum  sw^at 
production  increased  6  TO  lljS  OR  30  TO  70  crams/hour  respectively!  How¬ 
ever,  PORING  EXERCISE  SWEAT  PRODUCT  I  ON  t NCREASE S  WERE  SIGNIFICANTLY  HIGHER 

THAN  THOSE  or  THE  COUNTERPART  NOT  WEARING  BODY  ARMOR.  TARING  EXERCISE  - - 

SWEAT  PRODUCT, OH  INCREASED  ^  TO  1  $$  OR  1*10  TO  200  GRAMS  'hOUR  ,N  THE 
SHADE  AND  SUN  RESPECTIVELY.  SWEAT  EVAPORATION,  AL THOUGH  I  NCR E AS  I NG 
slightly  { 1  *1  to  3-'  grams,  hr.),  reflected  almost  an  inverse  trend  with 

RESPECT  TO  BOTH  INCREASE  IN  SWEAT  PRODUCTION  AND  CONDIT.ON  .NTENSlTYi 

Final  rectal  temperature  change,  in  general,  increased  with  condition 
^intensity  and  was  significantly  higher  during  exercise  1 1:  the  sun.  Pulse 
rate  increased  significantly  During  exercise  !  •r&orTT  shade  and  Tun. 

Thus,  body  armor  worn  by  an  individual,  exercising  moderately  in  a 
natural  hot-dry  desert  environment,  brings  about  significant  increases 
IN  sweat  production,  rectal -tempchature  and  =ulse  rate. 

.  -e*  §!il;  V/HCN  an  individual  was  exposed  to  the  sun,  resting  or  rxrR- 

C I  sing,  with  or  WITHOUT  BODY  ARMOR,  SIGNIFICANT  increases  .1,  sweat  produc¬ 
tion  AND  EVAPORATION  OCCURRED.  THE  INCREASES  ,N  SWEAT  PRODUCTION  WERE 
SLIGHTLY  GREATER  IN  MAGNITUDE  WHEN  THE  SUBJECT  WORE  ARMOR.  Th I S  REFLECTS 

-'Uh¥AnnHCAT,TD  "'P0'5CD  THC  AR"PR-  Sweat  production  increased 
3/  1*7”  T0  210  GRAMS,  hour)  DURING  REST  AND  'i’j  TO  1  8^  (  1  4^  TO  200 

crams,  hour)  during  exerc.se.  Rectal  temperature  AMO  pulse' rIte  ALSO 
INCREASED  SLIGHTLY.  HOWEVER,  RECTA.  TEMPERATURE  INCREASED  SIGNIFICANTLY 
ONLY  WHEN  THE  INDIVIDUAL  WORE  BODY  ARMOR  AMD  PULSE  RATE  INCREASED  SlGNI- 
F I  CAN • L Y  ONLY  WHEN  THE  INDIVIDUAL  EXERCISED. 
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c.  Exercise:  When  an  individual  exerciseo,  significant  increases 

IN  SWEAT  PRODUCTION,  EVAPORATION,  RECTAL  TEMPERATURE  AND  PULSE  RATE  OCCUR¬ 
RED.  These  increases,  with  the  exception  or  sweat  evaporation,  were  or 

HIGHEST  OROER  WHEN  ARMOR  WAS  WORN.  SWEAT  PRODUCTION  AND  RECTAL  TEMPERA¬ 
TURE  INCREASES,  IRRESPECTIVE  OF  ARMOR,  WERE  HIGHER  WHEN  THE  INDIVIDUAL 
EXERCISEO  IN  THE  SHADE  AND  PULSE  RATES  WERC  HIGHER  DURING  EXERCISE  IN  THE 
SUN.  IN  GENERAL,  INDIVIDUALS  EXERCISING  IN  THE  SHADE  PRODUCED  MORE  THAN 
TWICE  THE  SWEAT  OF  A  RESTING  COUNTERPART.  EXERCISING  IN  THE  SUN,  SWEAT 
PRODUCTION  WAS  1«7  TO  1.8  TIMES  THE  RESTING  COUNTERPART. 

d.  Negro-white  difference:  It  is  concluded,  from  the  data  presented 

HEREIN,  THAT  THE  HEAT  TOLERANCE  0  i  FULL  V  CLOTHED  NEGRO  AND  WHITE  SUBJECTS 
WAS  ABOUT  EQUAL,  WHEN  THET  WERE  EXPOSED  TO  A  NATURAL  HOT-DRY  DESERT  ENVI¬ 
RONMENT. 
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APPENDIX  A 


MEAN  PHYSIOLOGICAL  DATA,  STATISTICAL  INFORMATION,  AND  DIFFERENCES 

BETWEEN  ALL  CONDITIONS 


Pace 

1. 

Sweat  production  and  evaporation 

12 

2. 

Rectal  temperature 

12 

3- 

Final  pulse  rate 

15 

APPENDIX  A 

MEAN  PHYSIOLOGICAL  DATA,  STATISTICAL  INFORMATION,  AND  DIFFERENCES 

BETWEEN  ALL  CONDITIONS 


I •  Swt AT  PRODUCTION  AND  EVAPORATION 

MC AN  SWEAT  PRODUCTION  ANO  SWEAT  EVAPORATION  FOR  EACH  OF  THE  8  CONDI¬ 
TIONS  are  given  in  Table  IX. 


TABLE  IX 

MEAN  SrfEAT  PROOUCTlON  AND  EVAPORATION  IN  GRAMS 
PER  2 -HOUR  PERIOD 


Condi ti on 


ShCR 

S-iCAR 

SCR 

SCAR 

ShCW 

ShCAW 

sew 

SCAW 

Sweat  Production 

933 

991 

1278 

1420 

1910 

2195 

2199 

2601 

Sweat  Evaporation 

800 

846 

1094 

1168 

1651 

1723 

1960 

-  1988 

Variance  analysis  of  sweat  production  and  sweat  evaporation  RevealCD 
no  significant  differences  between  the  negro  and  white  subjects.  There¬ 
fore,  IN  COMPUTING  the  mean  sweat  production  and  sweat  evaporation  per  con¬ 
dition,  DATA  FROM  the  2  SUBJECT  GROUPS  WERE  COMBINED. 

SCHEFFE'S  TEST  WAS  PERFORMED  TO  DETERMINE  THE  CRITICAL  INTERVAL 
BETWEEN  THE  MEANS  PER  CONDITION.  An  INTERVAL  OF  156  GRAMS  FOR  SWEAT  PRO¬ 
DUCTION  AND  134  GRAMS  FOR  SWEAT  EVAPORATION  IS  NECESSARY  FOR  A  SIGNIFICANT 
DIFFERENCE  AT  THE  LEVEL  OF  CONFIDENCE. 

Differences  in  sweat  production  and  sweat  evaporation  related  to  all 
conditions  are  given  in  Tables  X  and  XI,  respectively.  In  using  these 
tables,  a  condition  stateo  on  the  vertical  axis  is  matched  at  right  angles 

to  A  CONDITION  ON  THE  HORIZONTAL  AXIS.  THE  VALUE  AT  THE  INTERSECTION  OF 
THE  RIGHT  ANGLE,  SO  OETERMI NEO,  REPRESENTS  AN  INCREASC;OR  I F  THE  REVERSAL 
OF  THIS  PROCEDURE  IS  FOLLOWER  THE  VALUE  REPRESENTS  A  DECREASE. 

2.  Rectal  temperature 

Mean  initial,  final,  and  rise  in  rectal  temperature  for  each  or  thc 
8  conditions  are  given  in  Table  XII.  Rather  than  round  these  values^ 

THEY  HAVE  BEEN  PRESENTED  IN  THEIR  ORIGINAL  COMPUTED  FORM. 

Variance  analysis  Of  final,  initial,  and  rise  in  rectal  temperature 

REVEALED  HO  SIGNIFICANT  DIFFERENCES  BETWEEN  THE  NEGRO  AND  WHITE  SUBJECTS. 

I HEREFORE,  IN  COMPUTING  THE  MEAN  FINAL,  INITIAL,  ANO  RISE  IN  RECTAL  TCMPCRA— 
TCRE  PER  CONDITION,  OAT A  FROM  THE  2  SUBJECT  GROUPS  WERE  COMBINED. 
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TABLE  X 

DIFFERENCES  IN  SWEAT  PRODUCTION  BETWEEN  CONDITIONS, 
VALUES  IN  GRAMS  AND  BASED  ON  fCAN  2 -HOUR  RATES 


Conditions  SCAV  SCV  SmCAW  ShCW  SCAR  SCR 


ShCR 

16 68 

1266 

1262 

977 

J87 

345  58 

ShCAR 

1610 

1208 

1204 

919 

429 

287 

SCR 

1 323 

921 

9«7 

632 

142 

SCAR 

ii  81 

779 

493 

ShCW 

691 

280 

2J5 

ShCAW 

4o6 

4 

sew 

4o2 

Values  greater  than 

1  156  GRAMS  ARC 

SI GNiriCANT. 

TABLE  XI 

DIFFERENCES  IN 

SWEAT 

EVAPORATION  BETWEEN  CONDITIONS.  - 

VALUES  IN  GRAMS  AND  BASED  0?:  MEAN  2 

-HOUR 

RATES 

Condi tions 

SCAW 

sew 

SmC-V 

ShCW 

SC 

SCR  ShC l 

ShCR 

1188 

Il60 

923 

851 

368 

294 

ShCAR 

1 1 42 

ni4 

m 

805 

322 

248 

SCR 

894 

866 

629 

5*7 

74 

SCAR 

820 

792 

555 

483 

ShCW 

337 

*  309 

72 

• 

ShCAW 

•  265 

237 

sew 

28 

Values  greater  than  134  grams  arc  significant. 

• 

TA3LE  XII 

• 

MEAN 

FINAL,  INITIAL, 

MO  RISE 

IN  RECTAL  TEMPERATURE 

Condi t i on 

.  ■ 

Rectal  Temperature 

ShCR 

ShCAR 

SCR  SCAR 

ShCW 

ShCAW 

99.40  99.35  99.62  99 .75.  100.21  IOO.39  lCO.34  100.63 

99*35  99*35  99-3^  99*45  99*38  99*33  ^-34  99.30 

.052  .002  .2(0  -306  ' 


B31  1.056  "-994  1.2 


F  INAL 
Initi al 
Rise 


>o\ 


Schcffe*s  test  was  performed  to  determine  the  critical  interval 

BETWEEN  THE  MEANS.  AS  WOULD  BE  EXPECTED,  NO  SIGNIFICANT  DIFFERENCES  WERE 
FOUNO  BETWEEN  MEANS  PER  CONDITION  FOR  THE  INITIAL  RECTAL.  HOWEVER,  SIGNI¬ 
FICANT  DIFFERENCES  BETWEEN  MEAN  FINAL  AND  MEAN  RISE  IN  RECTAL  TEMPERATURES 
PER  CONDITION  WERE  FOUND.  A  CRITICAL  INTERVAL  OF  .25#F  FOR  FINAL  RECTAL 
TEMPERATURE  AND  .27*F  FOR  RISE  IN  RECTAL  TEMPERATURE  IS  REQUIRED  FOR  A 
SIGNIFICANT  DIFFERENCE  AT  THE  52  LEVEL  OF  CONFIDENCE. 

Differences  in  final  ano  rise  in  rectal  temperature  related  to  all 

CONDITIONS  ARE  GIVEN  IN  TABLES  XI t I  AND  XIV. 


TABLE  XIII 

DIFFERENCES  IN  *F  BETWEEN  CONDITIONS  BASED  ON  FINAL  RECTAL 
TEMPERATURE  (AT  THE  END  OF  A  2 -HOUR  EXPOSURE)  ’ — 


Conditions 

SCAW 

SCW  ShCAW 

Show 

ShCR 

1.28 

.94  '  .90 

.81 

ShCAR 

1  *33 

•99  1.3« 

,86 

SCR 

1 .06 

•72  -77 

-59 

SCAR 

•93 

•59  -64 

.46 

Show 

.13  .18 

ShCAW 

.2? 

.05 

sew 

•3* 

Values  greater  than  .25  arc  significant. 


SCAR 


SCR  ShCAR 

.22  -.05 

•27 


TABLE  XIV 

DIFFERENCES  IN  °F  BETWEEN  CONDITIONS  BASED  ON  RISE  IN 
RECTAL  TEMFERATURES  (IN  2 -HOUR  EXPOSURE)  - - 


Conditions 


SCAW 


5CW  ShCAW  ShCW  SCAR  SCR  ShCAR 


ShCR 

1.242 

.942 

i.oo4 

ShCAR 

1.292 

.992 

1 .054 

SCR 

•fg 

•796 

SCAR 

.q8S 

.688 

.750 

ShCW 

.463 

.163 

.225 

ShCAW 

.238 

.062 

sew 

.300 

M 
% 


.254 

.304 

.046 


.208  -.050 

.258 


Values  greater  than  .27  are  significant. 


i4 


TABLE  X' 

DIFFERENCES  IN  FINAL  PULSE  R. 

(beats/mini 


cw 


«~!0N5  SCAW  s 


ShCAW 


APPENDIX  B 


SUPPLEMENTAL  TABLES:  BREAKDOWN  Of  SWEAT  PRODUCTION,  SWEAT  EVAPORATION 
AND  RECTAL  TEMPERATURE/CONDITION;  EARLY  MORNING  RECTAL  TEMPERATURE, 
BOOY  COMPOSITION  AND  SUBJECT  PROFILE  OF  8  WHITE  AND  0  NEGRO  SUBJECTS 
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APPENDIX  B 

SUPPLEMENTAL  TABLES:  8REAKDCWN  OF  SWEAT  PRODUCTION,  SWEAT  EVAPORATION 
AND  RECTAL  TEMPERATURE/ COND I T I  ON;  EARLY  MORNING  RECTAL  TEMPERATURE. 
BODY  COMPOSITION  AND  SUBJECT  PROFILE  OF  8  WHITE  AND  8  NEGRO  SUBJECTS 


TABLE  XVI I 

SWEAT  PRODUCTION  AND  EVAPORATION  FOR  8  NEGROES  AND  8  WHITES 
UNDER  VARIOUS  CONDITIONS  ( IN  GRAMS  PER  2 -HOUR  EXPOSURE) 


ShCR  ShCAR  SCR  SCAR  ShCW  ShCAW  SCW  SCAW 


Sweat  Production 


Negro 

White 

Difference* 

9l8 

948 

-P 

971 

1011 

-4o 

1250 

1306 

-56 

n94  1886 

m6  1035 
-52  149 

2171 

2219 

-48 

2m 

2218 

-39 

2570 

2i 6g 

Evaporated  Sweat 

Negro 

Whi  te 

Dl  FFERENCE* 

842 

851 

-9 

801 

799 

+2 

1153 

1183 

-33 

1093  .1725 
1096  1721 

-3  +4. 

:66  3 
1639 

+24 

1974 

1946 

+28 

2016 

1961 

+55 

-  Indicates  h i gher  sweat  production  cn  evaporation  r or  the  white. 
+  Indicates  hi gher  sweat  production  or  evaporation  r or  the  negro. 


TABLE  XVI  1 1 

INITIAL  ANT)  FINAL  RCCTAL  TEMPERATURES  [ °F)  FOR  8  NEGROES 
ANb'B  WHITES  UNDER  VARIOUS  CONDITIONS 


Negro 

White 

DIFFERENCE* 


ShCR 

ShCAR 

SCR 

SCAR 

ShCW 

ShCAW 

sew 

SC  AW 

1  N 1 T  1  AL 

Rectal 

A 

Temperature 

99.4 

99-3 

+0.1 

99.4 

99-3 

+0.1 

99.4 

990 

+0.1 

99.5 

99.4 

+0.1 

99-5 

99-3 

+0.2 

99-4 

.99*2 

+0.2 

99*5 

99-2 

+0.3 

<?y.4 

99-3 

+0.1 

Negro  •  99.5 
White  99.3 
Difference*  +0.2 


Final  Rectal  Temperature 

99-5  99-7  99-9  100.2  ido.4  100.8 

99'2  99.6  99.6  103.2  133.4  100.3  130.6 

+0-3  +0.1  +0.3  0.0  0.0  +0.1  +0.2 


•+  Indicates  higher  initial  or  final 


rcctal  temperature  for  the  negro. 
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tabu:  xix 

RISE  IN  RECTAL  TEMPERATURE  (°F)  FOR  8  NEGROES 
AND  8  WHITES  UNDER  VARIOUS  CONDITIONS 


ShCR  ShCAR  SCR  SCAR  ShCW  ShCAW  SCW  SCAM 


Difference*  +0.1  0.0  -0.1  0.0  -0.2  -0.2  0.0  0.0 

~+  Indicates  greater  rise  for  the  negro- 
-  Indicates  greater  rise  for  the  white. 

NOTE:  This  table  is  based  on  a  compilation  or  all  rectal  temperatures/ 

GROUP/  CONDI  T I  ON  AND  IS  NOT  AN  EXTRACT  OF  TABLE  XV 1-1  I. 


TA3LE  XX 

EARLY  MORNING  RECTAL  TEMPERATURES  {*')  OF  8  NEGRO 
AND  8  'WHITE  INDIVIDUALS  .(BEFORE  RISING:  JBOO  HOURS) 


Negro  07.92  97-50  97-12  97. 12  97.88  97-11  97-15  97-02  97-J»5 

White  97-^3  97-7^  97*&  97-**5  97*12  97 -21*  .97.3^  97-66  97A0 

DIFFERENCE*  +.89  -.2*1  -.50  -.33  +.76  -.13  -.19  +.l6  +.05 

1+  I NDI CATES  HI  CHER  RCCTAL  TEMPERATURE  FOR  THE  NEGRO. 

-  Indicates  highcr  rectal  temperature  for  the  white. 


TABLE  XXI 

A  COMPARISON  OF  MEAN  BODY -COMPOS  I II  ON  MEASUREMENTS 
ON  8  EACH  MATCHED  NEGROES  AND  WHITES 


Measurement 


Mlc-ro  White  Difference  Si  gnif  i  cancc 


Percfnt  r at  in  the  body 
Fat-i  weight  (Kg.) 


Stature  (cm.) 


TABLE  XXI I 
SUBJECT  PROFILE 


Negro 

Weight  Height 
(Kg) ~~  Ten)  " 


White 

Weight  Height 

Ike} "  (cm) 


GEMtML  mrr 


AWTtCwtt 


1  Deputy  Chief  of  Sufi  for  Logistic* 
Deportment  of  lh*  Army 
Washington  25,  0.  C. 

1  Deputy  Chief  of  Suit  for  Psrsonml 
Deportment  of  the  Amy 
Washington  25,  D.  C. 

1  Deputy  Chief  of  iufT  ter  Military 

Operations,  Department  of  the  Amy 
Washington  25,  D.  C. 

1  Chief  Of  Research  k  fctveleomen* 
tV  part  meat  of  the  Amy 
Washing  25,  O,  C. 


m 

5  Tns  Quartermaster  General 
Department  of  the  Army 
Washington  25,  D.  C. 

2  Cc mrr. aiding  General 

Philadelphia  QM  Depot,  U.  8.  A  nr* 
2,600  South  20th  Street 
Philade4phia,  Pa. 

I  Commandant 

Food  k  Container  Institute  for  the 
Armed  Forces,  U.  5.  Army 
1K9W.  Pershing  Rd. 

Chicago,  Clinols 


1  CsnunanAnf  Officer 

Signal  Corps  Kngr.  Lak 
n.  MonmouU.  N.  J. 

I  Office  of  Chief  at  Engineers 
Department  of  the  Amy 
Temp.  Bldg.  T-2,  Gravelly  Mai 
Washington  25,  D.  C. 

Atu:  Research  4  Dev.  Dtv. 

4  CO,  Chemical  Warfare  LahnreUrtae 

Army  Chemical  Center,  Maryland 
Attn:  Technical  (A3  19  library 

1  Chief  Chemical  Officer 
Depml-art  yt  tie  Army 
Bldf.  T-7,  Gravelly  Met 
Washington  25,  D.  C. 

Att-  Jfo*.  4  Dee.  D»e. 

2  CO,  Kg. ,  Medical  EhdrttMo  Lab. 
FUssiinoAs  Army  ft-epfo! 
tenver,  Colorado 

iJ-Dr.  hAdstna) 

1  Armed  Forces  Institute  of  Pathology 
Washington  25,  D.  C. 

I  Chief.  Aidued  Services  Medical 
Procurement  Agei^y 
M  Svvie  St. .  Br.cJi.yn  1,  W.  Y. 

>n%.  Property  Officer 

‘larked:  Reg.  CUED  #151 


3  Ccmmanainy  Officer  1  CKef  of  Transp^— sues 

QM  HAE  Field  Evaluation  Agency,  U.S.  Arrry  Department  of  the  Army 
Ft.  Lee,  Virginia  Temp  I’.dg.  T-7,  GraveUy  Point 

At  la:  Chief,  750  Washington  25,  D.  C. 


I  Cemmaeilag  Offieei 

CeM  Weather  4  Heolite  MM  ctrtemttee 
School 

fort  Greeley.  Abate 

1  Cmumahg  01— i 

fhrt  Greeley.  Alseb 

2  Department  ef  A*  Feme 
Kgs  ,  USAf,  Wash  25,  D.  C. 

UDQ/2  Umertal,  IDC/TDee.l 

Air  Uaiverett*  Uhrary,  Arts 
Maxwell  AFB,  Alabama 

2  CommaahM* 

USAF  School  of  AvtaUea  lltl  .lm 
Randolph  AF  Base 
Randolph  FVel-*.  Texas 

1  Commander,  Arctic  Aero  me  deal  Lah 
APO  ?3,  Seattle,  Washington 

I  Commander 

Air  Rea  4  XVe  Command 

Atm  RDCBTLlHga.,  Teca  Lit.  Br.) 

Andrews  AF  Base,  Washington  25.  D.C. 

1  Commander 

Wright  Air  Drwlepmenl  Center 
Wright  Putt* race  AF  Base,  Case 
Atti:  Tech  Library 

1  Commander 

Strategic  Air  Command 
Offtdt  AF  Base.  Nebraska 


2  Us. son  Officer,  WCOL-6 
W  right  Air  Development  Center 
Wright -Patterson  AF  Base 
Dayton,  Offlo 

l  Coxr.rr.aniant 
The  yd  Sc.nool 
Ft.  Lee.  Virginia 
Attn:  Library 

1  Commanding  General 

Franxford  Arsenal,  Phils  27,  Pa. 

Attn:  Engr.  Psychology  Dtv.  (L2J 


2  Commanding  Officer 

Transportauoit  Her  h  f-na  Command 

V.  S.  Army 

Ft.  Eustia,.  Virginia 

Attn:  T*vh  services  Dir. 

1  The  Army  library 
Pentagon  Bldg. , 

Washington  25,  D.  C. 

I  Commandant,  Command  4  General  Staff 
College 

Ft.  U  Haworth,  Kansas 


1  Chief,  Nutrition  Dtv. 

Air  Development  Center 
Aero-Medical  Lab. 

Wright  Patterson  *..'"0,  Ohio 
Attn:  Dr.  R.'.ryC.  Dye* 

1  Commander 

AF  Cambridge  Reseajrfl  Center 
Air  Research  t  Levelopment  Csnd. 
Laurence  '  Hanscom  Fleid 
Record,  Mwc. 

Attar  CKTOTT-2 


3  Hjs.,  Army  Electronic  Proving  Ground 
Ft.  Huachuca,  Arizona 
Attn:  Aviation  4  Meteorological  DepL 
Tech.  Lnformatlon  Br. 

Deputy  Chief  for  Meteorology 

2  Commanding  General 
The  Engineer  Center 
Ft.  Bel  voir,  Va. 

1  Command:.  *  Officer 
Diamond  Ordnance  Fliie  Labe. 
Washington  25,  P.C. 

Attn:  Tech  Reference  Section 
ICRDTL-012) 

2  Commanding  General 
Aberdeen  Proving  Ground 
Aberdeen,  Maryland 

2  Chief  Lignii  Officer 
Department  of  the  Army 
Washington  25,  D.  C.  » 

Attn:  Res.  4  Dev.  Dtv. 


1  Commandant,  U.  5.  “li.Ury  Academy  NAVY 

West  Point,  Meet  Yo'i 

I  Director 

1  Commanding  Officer.  Detroit  Arsenal  Naval  Research  Laboratory 

•  2£?.H  Van  Dyke  Si..  Centerline,  Mich.  '  4th  fc  Chesapeake  3.  W. 
Attn:  Res  4  Eng'.  Die.  Washington  25.  D.  C. 


1  Coctmandtng  General  I  Chief,  bureau  at  Cfrdrunce 

H*«  ,  U.  S.  Army  Medical  RAD  Command  De;*rt;r*ftt  of  the  Navy 

Main  Navy  Bldg.  Washington  2f.  D.  C. 

Washington  25,  D.  C.  Attn:  R4D  Dtv. 

Atin:  NP4PP  Research  Branch 

1  Naval  Medical  Research'  Institute 

2  Commander  National  Naval  Med.  Re*.  Ce**er 

QM  Intelligence  Agency,  U.S.  Army  JJe*h**i.ta,  ML 

Washington  25,  D.  C. 

2  Chief  cf  Naval  Research 

t  Etecutive  Director  Washington  25,  D.  C. 

MUllary  Clothing  and  Textile  Supply  Agency  Attn:  Code  40CS 

2ft00  5.  20th  Phila.  45.  Pa. 

1  Chief,  Bureau  of  Dupe 

I  Commanding  Officer  Dc}*rtir.«nt  cl  lh*  Wavy 

QM  RAE  Field  Evaluation  Agency,  U.S.  Army  Washington  25,  D.  C. 

Airborne  Systems  Test  Dlv.  Attn:  Code  33 

Yuma  Test  Station 

Yuma,  Arizona  1  Ch*ef,  Bureau  of  Med.  4  Surgery 

JDcpt.  of  the  Navy,  Wash  25,  L.  C. 
Attn:  Codr  33 


HAVTtO— « 

1  CnHIlkr,  U.  L  Mini  Or*  M 
IUUoa.  CteUH  CUK. 

Alt*  C*4*  ns 

I  CAM,  Bmw  at  AirauiaUc 
Drju.  rt  tM  Nuy,  Wuk  »,  D.  C. 
At**  OAAIU 

I  CAM.  Bum.  a  A  ti—A 

DrpartMnt  UM  M17 
WMMaftM  26,  O.  C. 


CQHARfi 

1  C.O.,  U.S.  Continental  Army  Command 
Ft.  Monroe,  Va. 

I  President 

U.  8.  Army  Artillery  Bd. 

Ft.  SU1,  041a. 

AttK  ATBA 


1  Preside* 

US  Army  Armor  Beard 
FI.  Knot,  Ky. 

Atta.  A  TBS 

|  President 

U,  S.  Army  IsdaMry  B4. 

Fl.  Banning,  Go. 

Atta:  ATBC 

1  Prestdeat 

V.  S.  Army  Air  Defense  Bd. 

Fl.  Bilsa,  Texas 

Attn:  ATBD 

I  President 

U.  S.  Army  Airborne  and  Electronics  Bd. 
Fl.  Bragg,  N.  C. 

Attn:  ATBF 

1  president 

U.  S.  Army  Aviation  Bd. 

Ft.  ?.uch*r,  Als. 

Attn:  ATBG 

I  commahdfog  Officer 

U.  S.  Ahir.y  Arctic  Test  Board 
Ft  Greeiy,  Alaska 
Attn:  ATBE 


1  Army  Committee  on  Environment 
Chief,  I* search  4  Dev* lopnem 
Pentagon.  Washinpon,  D.  C. 


1  Armed  Forces  Prst  Control  Bd. 
Waiter  RecJ  Arrr.y  Med.  Center 
Forest  Glen  AAntx 
Mum  bldg. 

Forest  Glen,  Maryland 


1  Army  Research  Committee 
Chief,  Research  4  DevelC'pment 
Pen’ajon,  Washington,  D.  C. 


1  National  Fesenrch  Council  IV?  Depar’.men'  of  Commerce 

iiwi  Const l,,i,‘o,1  Ave. ,  Washington,  D  C.  Weather  Pu.'eau  Lib-ary,  Washington,  D.C. 

Atm:  Advisory  pi  ^  KAO 

I  Central  ln’elllgence  Agency 
p  Armed  Services  Technical  Information  Agency  Collection  4  Dissemination 
A. *iir fon  Kali  Station  Washington  2b,  D.C. 

Ariir.7.on  12.  Va. 

Attn:  TlPDR  I  National  Library  of  Medic. n 


Gift  and  Exchange  Division 
Library  of  Congress 
Washington  25,  D.  C. 


Washington  25,  D.  C. 

I  Gene  ral  Iniendanton 

Stand*  r  dl  m  r  .ngskonto  ret 

Festnlngen 

Oslo,  Norway 


1  Marine  Corps  EpLpnen:  Board 
Marine  la»/»  lojmen!  Center 
Marine  Corjc  2‘h^oJ 
Quant ico,  Va. 

1  Office  of  Technical  Grruicet 
U.  C>.  Deju-lmcn*  cf  Com ir*r?:e 
Wasi'.ingtcn  i  5.  DC. 

Attn:  Tech  Rp:^  Src  fTH'^U  O^MGI 


1  U  S.  Defurtment  of  Agriculture  Library 
Washington  25,  D.  C. 

1  Comrn.indint 

Industrial  College  of  the  Armed  Forces 
F».  McNair.  W’ithiugton  25,  D.  C. 

1  «<M  Rep-enenta’ive 

A  -my  Commmd  und  General  S’aff  College 
r«-|r* rtmer/  of  :(<e  Infantry  D;v. 

Ft.  Iravenavrth,  Kansas 


